To isolate the microsatellites from the chromosomal DNA of the Korean cattle (Hanwoo) and to use those for the genetic selection, four bacteriophage genomic libraries containing the chromosomal DNA of six Hanwoo steers showing the differences in meat quality and quantity were used. Screening of the genomic libraries using 32 P-radiolabeled 5`-(CA) 12 -3' nucleotide as a probe, resulted in isolation of about 3,000 positive candidate bacteriophage clones that contain (CA) n -type dinucleotide microsatellites. After confirming the presence of microsatellite in each positive candidate clone by Southern blot analysis, the DNA fragments that include microsatellite and flanking sequences possessing less than 2 kb in size, were subcloned into plasmid vector. Results from the analysis of microsatellite length polymorphism, using twenty-two PCR primers designed from flanking region of each microsatellite DNA, demonstrated that 208 and 210 alleles of HW-YU-MS#3 were closely related to the economic traits such as marbling score, daily gain, backfat thickness and M. longissimus dorsi area in Hanwoo. Interestingly, HW-YU-MS#3 microsatellite was localized in bovine chromosome 17 on which QTLs related to regulation of the body fat content and muscle hypertrophy locus are previously known to exist. Taken together, the results from the present study suggest the possible use of the two alleles as a DNA marker related to economic trait to select the Hanwoo in the future. (Asian-Aust.
INTRODUCTION
The Korean Cattle (Hanwoo), with their genetic sources, have been well-preserved for several thousand years because of the unique geographical situation in Korean peninsula. The Hanwoo had played an important role in agricultural sector as a labor source until their beef production became favorable to Korean consumers in the 1970s. Recently, Korean people begin to give more attention for the necessity to sustain and preserve Hanwoo, because of consumers' higher preference on the Hanwoo meat (Cho and Ko, 1998) . Equivalent importance of the Hanwoo production has been emphasized because of their unique genetic resources maintained during the history of Korea and their economical value in the open era of meat market under World Trade Organization (WTO) treaty.
The major goal of genomic research in livestock has been focused on developing genetic map and identifying genes associated with important economic traits. Recent advent of the so-called "biotechnology" has quickly changed the methodology for the detection of DNA polymorphism and successfully resulted in gene identification, breeding and improvement of domestic animals. Since there are several millions of microsatellites pertaining to bovine genome and they are highly polymorphic, via many of genomic researchs such as EST (Ruyter-Spira et al., 1996; Grosse et al., 2000) , somatic cell panels (Fridolfsson et al., 1997; Lahbib-Mansais et al., 1999) , radiation hybrid map (Yang et al., 1998) , and single nucleotide polymorphism (Yang et al., 1998; Heaton et al., 1999) , it is now well-recognized that microsatellites are useful tools to develop the linkage map and to identify the functional candidate genes associated with quantitative traits. Therefore, the study reported herein was conducted to identify the microsatellite DNAs from the Hanwoo chromosome and use those for the genetic selection of the Hanwoo.
MATERIALS AND METHODS

Bacteriophage genomic library construction
Blood samples were collected from the Hanwoo steers at slaughter house after completion of their evaluations of meat quality and weight. Pure chromosomal DNAs were isolated from the blood samples using the Genomic DNA isolation kit (Genotein Corporation, Korea). Partially digested chromosomal DNAs with BamHI enzyme were utilized to construct the bacteriophage library by use of Lamda Fix/XhoI partial fill-in vector kit and Giga Gold Packaging kit (Stratagene, La Jolla, CA, USA). After packaging of bacteriophages, the genomic libaries were titered, amplified and stored at -80°C.
Library screening
The Hanwoo bacteriophage genomic library was used to screen the microsatellite DNA in Hanwoo chromosome with slight modifications of the standard protocol Identification of New Microsatellite DNAs in the Chromosomal DNA of the Korean Cattle (Hanwoo) (Sambrook and Russell, 2001) . In order to easily separate each bacteriophage clone that contains microsatellite DNA, the optimal number of bacteriophage clone were determined by titration. A chemically synthesized oligonucleotide, 5`-(CA) 12 -3', was radiolabeled with 32 P-γ-ATP (Amersham Bioscience, USA) by use of T4 polynucleotide kinase, and purified by Quick Spin column (Roche Applied Science, Germany) before use for hybridization. Nitrocellulose membranes spotted with transferred bacteriophage DNAs were incubated at 55°C in a prehybridization buffer (6X SSC, 1X Denhardt, 0.1% SDS) for two hours and hybridized at the same temperature in hybridization buffer (6X SSC, 1X Denhardt, 0.5% SDS, 5mM EDTA) with radiolabeled probe (5×10 5 cpm/ml hybridization buffer) for 12 h. After the hybridization the solution was decanted and washed three times with 2×SSC/0.1% SDS at 55°C for 15 minutes, and twice in 2×SSC/0.1% SDS at 55°C for 15 minutes. The membranes were air-dried, covered with plastic wrap, and subjected to X-ray film exposure at -80°C for 3-5 days.
Southern blot analysis and DNA sequencing
After library screening, the candidate bacteriophage clones that contain microsatellite DNA fragments were isolated and subjected to DNA purification. Purified bacteriophage DNA was digested with several restriction digestion enzymes and separated in a 0.6% agarose gel. Southern blot analysis with the same radiolabeled probe that was used for library screening was carried out as described previously (Yeo et al., 2002) . The small DNA fragments hybridized with radiolabeled probe were ligated into plasmid vectors and subjected to DNA sequencing using the automated DNA sequencer (ABI 3100, the Institute of Biotechnology at Yeungnam University).
Genomic DNA isolation and microsatellite analysis
Three hundred thirty one heads of bulls registered in the Hanwoo Improvement Center (National Agricultural Cooperative Federation) were selected based upon their phenotypic standards and recorded pedigree. The grades of marbling score, backfat thickness and M. longissimus dorsi area were measured at market days (720 days) according to the standards of the Korean Animal Products Grading Service. Chromosomal DNA of each bull was isolated from the blood cells by phenol-chloroform extraction method (Sambrook and Russell, 2001) . Polymerase chain reaction (PCR) for microsatellite was performed using 20 ng of Hanwoo genomic DNA as template with 1×PCR buffer, 1 mM MgCl 2 , 0.2 mM dNTPs, 15 pM of each primer, and 1 unit of Taq polymerase (Takara Co., Japan) in 30 µl reaction volume. The PCR was performed for 5 min at 94°C, and followed by 35 cycles of 30 sec at 94°C, 30 sec at 50-60°C, 1 min at 72°C, and extension for 10 min at 72°C at the end of cycles. The PCR products were separated in a 6% polyacrylamide gel electrophoresis. The precise size of microsatellite allele was determined by comparison with 10 and 100 bp standard markers. Duncan's multiple range test was performed by use of SPSS statistical program.
PCR primer design and chromosome localization
PCR primers used for microsatellite DNA analysis were designed using the Primer 3 (Whitehead Institute for Biomedical Research, http://www.genome.wi.mit.edu/cgibin/primer/primer3_www.cgi).
The locations of microsatellites were analyzed using a new version of COMPASS software (with the kind help of Dr. Harris A. Lewin, University of Illinois at Urbana-Champaing, IL, USA) to predict the position of each microsatellite on Hanwoo chromosomes (Larkin et al., 2003) .
RESULTS AND DISCUSSION
Bacteriophage genomic library construction
Four bacteriophage genomic libraries of the Hanwoo were generated using the chromosomal DNA obtained from six Hanwoo steers showing differences in their meat quality and quantity (Table 1) . Results from titering of each library, except BGL I library, revealed that libraries contain 1 to 3.5 millions of independent clones. One hundred and thirty bacteriophage clones were randomly selected and their DNAs were digested with Not I restriction enzyme after purification, and subjected to pulse field gel eletrophoresis (PFGE) to test the quality of each library (data not shown). Among the one hundred and thirty clones used for the analysis, other than 5 clones, all the bacteriophage clones contained insert with average size of about 20 kilo base pairs (kb).
Screening and sequencing of microsatellite DNAs
Since the dinucleotide microsatellites, such as (CA) n or (TG) n , are known to be the most abundant and highly polymorphic, radiolabeled 5`-(CA) 12 -3' probe was utilized to screen the bacteriophage clones that contain the microsatellite fragment. About 500 to 1,000 bacteriophage clones were plated onto the 150 mm Petri dish in diameter, because it was turned out to be the optimal number of clones to easily isolate the individual clone after screening. Using this approach three thousand of bacteriophage clones hybridized with the probe were individually isolated and kept in buffer for subsequent analysis. The results from the several rounds of library screening showed that approximately 20% of the Hanwoo bacteriophage clones were hybridized with the probe (Figure 1 ). Considering average size of phage clone generated in the present study is 20 kb, the results indicate that (CA) n -type microsatellites exist at a frequency of once per every 100 kb in Hanwoo chromosome and agree with other (Zhu et al., 1999) . In order to confirm the presence of microsatellite DNA fragment and facilitate subcloning into plasmid vector for the subsequent DNA sequencing, the bacteriophage DNAs of the positive candidate clones subjected to obtained from library screening were purified. And the purified DNAs were employed for Southern blot analysis with the same probe used for the library screening after digestion of DNAs with restriction enzymes such as EcoRI, BamHI and HindIII (Figure 2) . After Southern blot analysis DNA fragments with less than 2 kb in size and hybridized with the probe The predicted locations of the PCR primers used for the microsatellite DNA analysis and DNA markers closely located to the microsatellite DNA fragments was analyzed by use of COMPASS program (see Materials and Methods). were gel purified for ligation into the plasmid vector for subsequent DNA sequencing. To evaluate the microsatellite length polymorphism and eventually identify possible DNA markers that are highly associated with genetic traits determining the economic ally important value, unique PCR primers were designed from flanking region of each (CA) n -repeated sequences. A total of twenty-two PCR primers were designed and utilized for this study. The positions of microsatellites from which PCR primers were designed and the previously characterized DNA markers that are closely linked to each microsatellite were determined by the COMPASS computer program ( Table 2) .
Application of Hanwoo microsatellite primers
To test and identify the valuable microsatellite primers, among the PCR primers obtained in this study, thirty of Hanwoo bulls belonging to 5% of each tails in normal distribution curve for each economic trait were selected. The designed primers were employed to find specific allele associated with either high or low performance in several economic traits. Among 22 pairs of PCR primers evaluated in this study the HW-YU-MS#3 primer revealed evident allelic difference at PCR-amplified products of 208 and 210 bp between high and low groups (Figure 3 ). During prescreening, 10 out of 15 animals in the high marbling score group showed 210 bp and 12 of them showed 208 bp. A marked contrast to this was seen among the 15 animals in the low marbling score group, where only one showed 210 bp and none had the 208 bp allele. And then these alleles were further tested to screen 331 heads of Hanwoo for distribution of these alleles and performances.
As summarized in Table 3 marbling score, daily gain, backfat thickness and M. longissimus dorsi area were significantly increased in the presence of 210 bp. The marbling degree, considered as the most important economic trait in Hanwoo, was significantly higher in individual animal possessing both 208 and 210 bp (44.1% judged either 1+ or 1 in marbling score) than average (32%). Analysis of microsatellite length polymorphism revealed that groups having 210 bp gain about thirty grams more body weight per day compared to the animal without 210 bp (Table 3 ). In fact, the Hanwoo bulls gained 22 kg of body weight at 720 days of feeding. It is worth mentioning that the HW-YU-MS#3 microsatellite reside on chromosome 17 on which QTL related to body fat and muscle growth were previously assigned (Konfortov and Miller, 1998; Casas et al., 1999) . It will be of interest to test the HW-YU-MS#3 microsatellite with increased number of Hanwoo heads in the near future and use as a profitable tools for MAS (marker-assisted selection) in Hanwoo. 
